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LIQUEFIED PRODUCTS FROM NATURAL GAS: THEIR 
PROPERTIES AND USES. 


By Irvine C. ALLEN AND GrorGE A. BuRRELL. 


INTRODUCTION. 


The chief purpose of the fuel investigations being carried on by the 
Bureau of Mines is to increase efficiency in the production and use of 
the mineral fuels in the United States. One of the investigations has 
for its object the determination of the economic value of the petro- 
leums and natural gases, with special reference to the supplies in the 
public lands and the ascertaining of how these resources can be 
utilized in the industries with least waste and greatest efficiency. 

In some of the petroleum fields, particularly in new fields, where the 
yield of oil and gas is abundant and the methods of handling are 
necessarily crude, considerable quantities of oil and great quantities 
of gas are wasted in various ways. In the older fields, where effective 
methods of handling and storage have been more fully developed, 
the loss is less. 

Yet m almost all the petroleum fields of the country more or less 
natural gas has been allowed to escape without restraint, and at some 
places enormous quantities have been wasted. Even to-day, in 
practically every oil field of the country, one can see many gas torches 
needlessly burning the entire 24 hours. 

The handling of oil will not be discussed here. The handling of gas 
is a difficult matter, and consequently efforts at proper-conservation 
have not as yet been entirely successful. In some fields the loss of 
gas is due to the fact that a ready market for the gas is not available 
or to the fact that the yield of the wells has declined so much that 
transportation of the gas through pipe lines is not profitable. 

Natural gas may be divided into two great classes, (1) a so-called 
‘‘dry gas,’’ known and used for many years as the natural gas of 
commerce, and (2) a gas containing easily liquefiable vapors, which is 
known in the vicinity of the oil fields as a ‘‘wet gas.” The latter class 
forms the basis for the so-called ‘‘natural gasoline” industry. 
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COMMERCIAL FRACTIONS OF NATURAL GAS. 


By fractionating natural gas, either during or after liquefaction, 
four products can be commercially obtained. Roughly, these four 
products may be described as follows: (1) The gaseous product, the 
common natural gas of commerce; (2) the semiliquid product, known 
as the new ‘‘wild’’ product, which should be used only as a liquefied 
gas and should be held in high-pressure steel containers only; (3) the 
light liquid product, or light gasoline, used for blending with heavy 
naphthas; and (4) the heavy liquid product, or ordinary high-grade 
gasoline. 

The first product, natural gas, is discussed in a subsequent section 
(p. 8), as are also the third and fourth products (p. 9). 

The possibility of handling the second product in the way that 
Pintsch and Blau gases are handled, enabling small towns, hotels, and 
country estates to have the advantages of gas illumination, manifestly 
opens a new field of comparatively great importance in the natural- 
gas industry and should add materially to the investments made in 
the so-called ‘‘natural gasoline” industry. 


THE DEVELOPMENT OF GAS LIQUEFACTION BY PRESSURE. 


The liquefaction of gases by pressure is not a new industry, but 
only recently has its application to natural gas been recognized as 
practicable. Before discussing in detail the second, or semiliquid, 
product mentioned above a brief reference to the industry of manu- 
facturing liquefied or compressed gas is deemed necessary. 

In the early seventies, J. J. Coleman® successfully liquefied by 
pressure and cold the gases made by cracking the shale oils of Scotland. 

By the processes of Blau,’ Pintsch,* Gray,? Hastings-Brink,¢ the 
Swiss Liquid Gas Co.,f Schneider? Williams,’ Wolf, Wolski,/ and 


@ An apparatus for the continuous liquefaction of volatile gases generated from the distillation of bitu- 
minous shale, Chem, News, vol. 39, February 28, 1879, p. 87; Mechanical refrigeration, vol. 2; reviewed 
in Sci. Am., vol. 104, 1911, p. 27, and in Oiland Gas Jour., vol. 9, June 1, 1911, p. 4. 

b Herstellung eines Leuchtgases aus Destillatgasen, German patent 158198; Zeitschr. fiir angew. Chem. 
1905, p. 671; Blaugas, Seifens Zeit. 1907, p. 804; German patent (1905) 175846; Kruger, F., nie Gas, 
Chem. Abs., vol. 2, 1908, p. 3402. 

¢ Butterfield, W. J. A., Gas manufacture, 1907, vol. 1, pp. 230-231. 

d Gray, J. Lis A par aeis for recovering light oils from natural gas, U. S. Pat. 933976, 1909. 

¢ Hastings, D., and Brink, A. W., Cooling gas and obtaining gasoline, U, S. Pat. 883640 (March 31, 1908); 
Chem, Abs., V ol. : 2, 1908, p. 2447. 

J Mansfie 1d, R.E., Manufacture of liquid illuminating gas in Switzerland, Chem, Eng., vol. 10, p. 122; 
Chem. Abs., vol. 4, Tacaary 10, 1910, p. 102. 

g Schneider, WPS Gas-liquefying apparatus for demonstration purposes, U. S. Pat. 984030 (February 
14, 1911); Chem. Abs., vol. 5, April 20, 1911, p. 1353. 

A Williams, U. H. G., Liquid hydrocarbons from compressed petroleum gas, Jour. Soc. Chem. Ind., 
vol. 3, August 29, 1884, p. 437. 

# Wolf, L., Liquefied oil gas; Chem. Abs., vol. 5, January 20, 1911, p, 372. 

J Wolski, , Liquefying natural gas by the Linde process, Petroleum Rey., vol. 13, p. 428 
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others gas is made by cracking oils in hot retorts. The gas is then 
washed and compressed into steel cylinders capable of safely with- 
standing the pressures developed. Several of these processes for 
manufacturing gases are commercially successful. They all entail 
the necessity, however, of first manufacturing the gases and then 
washing them. 

The properties of the better known and more widely used illumi- 
nating gases are given below. 


Properties of certain manufactured gases. 


Candle- 
Heat value wer Unsatu- 


Specifie | percubicfoot] (Ryvi h) tod. | Saturated 
Name of gas. gravity | (0° C.and be ra hydro- | Hydrogen. 
: (air=1). | 760m. m. Surning | tyro ee ee 


pressure). 5 cu. ft. carbons. 


Pintsch gas 4.....-..-------- 
Coal gas ¢.........--.------ 
Acetylene d........-------- 
Carbureted water gas ¢..... 
Uncarbureted water gas f.... 
Ordinary natural gas g...... 
Liquid natural gash......... 
Manufactured oil gas ¢.. 2... 


Explosive 
Carbon Carbon imit. 
Name of gas. monoxide. | dioxide. Oxygen | Nitrogen. 
High.| Low. 
Percent. | Per cent. Per cent. | Percent. 
Pintsch $as.6. 23.0.0 523:65240s0s52505 054 0. 60 0.74 2.00 8,00) |. .<cce]eae Soa 
Coal gas Cac). care saspesest paca cdoes ceesens 9.0 ae | 0.0 2.3 7.1| 19.0 
Acatylene Ge 1.58 05s ciate op cemacewers eed] de slop eee |ecutth some se [a pde esp speee oaeeesssee ae 3.0] 81 
Carbureted water gas ¢.....-.---...--2..-. 33. 92 1.54 0.0 176! Saeccslsaee ‘oa 
Uncarbureted water gas f......-22--..22.. 40. 08 ATBOK P22 sc5.20368% A bY Pe Pee 
Ordihary natural gas 0)o<-2: cansses.scuae safe skeet eee acs [isos ss accet| eas Sapna |i Coaeesece ss 5.5 | 12.0 
Liquid maturaligas'*. . isi sig- tat ae de ghias lose cela tats eseeacednasc|scberens reap leatonasegae’ 3.0 7.0 
Manulactured oil gas f........-.---.-2.--- 4.50 2.75 0.85 GOL fon cseslwoawe é 


a Hills, HW. F., Gas and gas fittings, 1902, p. p. 52. 

b jae 

¢ Burrell, G. Average result of several analyses of coal gas. 

a Butterfield, Ao: J. A., The Chemistry of gas manufacture, 1898, p. 393. 

e Butterfield, W. J. A., ’ The Chemistry of gus manufacture, 1907, vol. 1, p. 224. 

f Lewes, V. B., Liquid and gaseous fuels, 197, p. 2 

g Burrell, G. A. , Average results of several analyses of West Virginia and western Pennsylvania gases. 

h Burrell, GA. 

¢ Calculated. 

j Allen, I. C., Average results of several analyses of manufactured petroleum gas used on the Pacific 
coast. 
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The illuminating values given above are those of the ordinary naked 
flame, without a mantle. How greatly a mantle increases the light 
is shown in the following table: 


Comparative illuminating power of gas burners. 


Burner equip- 

Flat flame, | ped with man- 
burning 5cubic} tle, burning 5 
feet per hour, | cubic feet per 
hour. 


British candic- | British candle- 


powcr. power. 

| 23.1 117.3 
17.9 90.3 

16.2 87.9 

14.6 84.4 

13.5 81.9 


According to A. C. Humphreys, ‘‘The use of mantles in the Pintsch 
system increased the lighting effect about four times, and with the 
same storage capacity the length of period between fillings was in- 
creased 60 per cent.” 

Acetylene has been burned with increased efficiency in mantles 
but because of the high luminosity and whiteness of the flame itself 
and because of obstacles yet to be overcome in using mantles, the 
use of mantles with acetylene has not been generally adopted.? 

According to tests conducted by Drs. F. Schniewind, Chas. E. 
Chandler, E. G. Love and H. Schweitzer* Blau gas has a specific 
gravity of 0.940, a heating value of 1731 B. t. u. and an illuminating 
value, when burned in an inverted mantle, of 108 standard candles, 
It is further stated that 2.52 kilograms of oil will produce 1 kilogram 
of the gas. 


EARLY ATTEMPTS TO LIQUEFY NATURAL GAS. 


The liquefaction of natural-gas products was early recognized as 
of possible commercial importance. 

Pasenmeyer? and others procured gasoline in commercial quanti- 
ties near Titusville, Pa., in 1904, by collecting the condensations in 
the gas mains. The yield of gasoline so obtained was further increased 
in 1905 by chilling the pipes with cold water, and from 1905 to 1909 
the yield was still further increased by the establishment of small, 
low-pressure, single-stage compressing plants. In the last few years 
years the industry has made remarkable strides. 


a Hills, H. F., Gas and gas fittings, 1902, p. 106. 

+ Lectures on illuminating engineering, delivered at the Johns Hopkins University, October and Novem- 
ber, 1910, under the joint auspices of the university and the Illuminating Society; 1911; p. 208. 

¢ Prospectus of the Blau Gas Company, pp. 42-43. 

d Taylor, Frank H., Early history of utilization of gasoline from natural gas, Oil City Derrick, May 6, 191], 
p. 9; Oil and Gas Jour., vol. 9, May 11, 1911, p. 20; The gasoline from natural gas industry, Oil and Gas 
Jour., vol. 9, Mareh 2, 1911, pp. 2-6; Petroleum, March 17, 1911, vol. 6, p. 896. 
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Up to the last two years the general practice in the manufacture of 
liquid natural gas was to make the product by compression of the gas 
in single-stage compressors operated at a pressure of 150 to 300 pounds 
per square inch. The one product thus obtained, so-called “natural 
gasoline,’ was run into a tank and ‘weathered.’ The weathering 
consisted in allowing the lighter portions to volatilize spontaneously - 
and escape into the open air until such time as the boiling away of 
the liquid had practically ceased. Thug the process invalved a loss 
of 25 to 50 per cent, or even more. This loss was an absolute waste, 
not only of power and of cost of operating the engines and compressors 
but of the product itself. 


LATER IMPROVEMENTS. 


The next step in the industry was to pass the waste gases (of which 
only the small quantity used for power had been utilized) from the 
single-stage compressor through a higher-stage compressor, thereby 
getting a second and more volatile product—a “wilder” liquid— 
which was run back into the first tank and mixed with the first or 
heavier condensate. This mixture was then again weathered to a 
safe degree, whereby it lost the greater part of the more volatile prod- 
uct that had been condensed in the second stage. 

Recently the process has been improved another step, in that the 
first stage compressor product is run into one tank and handled as 
ordinary gasoline; the second stage compressor product is run into a 
second tank and handled as a lighter gasoline,* with which the heavy 
refinery naphthas can be enriched or enlivened. 

The last-mentioned method of using the second stage compressor 
product should receive wide recognition, and a market for the prod- 
uct should develop that would be no mean factor in the industry. 
Blending in the proportions of, say, 1 part of the product to 4 or 5 
parts of the refinery naphthas makes these heavy naphthas more 
volatile and of greater value as fuel for automobiles; it also greatly 
increases their general usefulness. The proportions to be used ‘in 
blending, however, must be determined more definitely by test. 


PRACTICAL DEDUCTIONS. 


The natural gas of this country frequently contains light ;foducts 
that do not condense in the second-stage compressor, and for which 
it is practicable and necessary to install three, four, and even higher 
stage compressors. These light products—true gases at ordinary 
temparatures and pressures—can be compressed and liquefied, but the 
liquid gases so obtained must be handled as gases and not as oils. 


Fithian, Dr.Edwin J., The fractionation of natural-gas gasoline: Natural Gas Association, sixth annual 
meeting, at Pittsburgh, Pa., May 16,1911. Natural Gas Journal, August 1911, pp. 16-17. 
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8 LIQUEFIED PRODUCTS FROM NATURAL GAS. 


The mistake heretofore made in the “natural gas gasoline’’ industry, 
as some have recognized, has been the attempt to handle the light 
gaseous products as oils and not as gases. Until the manufacturers 
of this lightest third or fourth stage compressor product recognize its 
gaseous nature, the absolute necessity for insuring the safety % of the 
public involves certain restrictions in its transportation, and not until 
the realization that this extremely volatile liquid should be handled 
only in strong steel containers capable of withstanding high pressures 
will it be transported with safety. 


CRUDE NATURAL GAS. 
CONSTITUENTS. 


The natural gases of the Appalachian oil fields are not the complex 
mixtures generally reported, but are composed of the paraffin hydro- 
carbons with carbon dioxide and nitrogen as impurities. The gases 
that issue under considerable pressure or that are produced in quan- 
tities sufficient to justify piping for distant consumption consist prin- 
cipally of methane and ethane, the methane predominating. Small 
quantities of the higher paraffin hydrocarbons are also believed to be 
present. . Olefin hydrocarbons and carbon monoxide have not been 
detected in the samples thus far examined by the Bureau of Mines, 
and oxygen appears to be present only when the sample has been 
taken in a faulty manner and air has been admitted. 

Natural gases that issue from old wells in which the original rock 
pressure has diminished contain higher members of the paraffin 
series, such as propane and butane, in larger quantities, and when a 
pressure below atmospheric is applied to the wells still larger quan- 
tities of the higher paraffins are obtainable. For example, in the 
oil pool surrounding Tidioute, Pa., a pool that has produced oil and 
gas for many years, the gas is now drawn from the wells under a 
pressure 12 to 13 pounds below that of the atmosphere, and a liquid 
product is obtained therefrom without the use of artificial pressure or 
cooling appliances. 

Some natural gases in the United States contain methane only, and 
such gases are not adapted to the production of gasoline or liquid 
gas. Gases that contain no paraffin hydrocarbons higher than ethane 
require a pressure of 600 to 700 pounds to the square inch at 35° C. 
for the liquefaction of the ethane. At lower temperatures less 
pressure would be required. Since these high pressures are not used 
in the commercial plants producing gasoline from natural gas, ethane 


a Dunn, B. W.: Gas gasoline safety standards, Oil and Gas Jour., vol. 10, June 22, 1911, pp. 16-18; 
Standards for gasoline safety, Oil City Derrick, June 19, 1911, p.8; Proposed regulations of Bureau for 
the Safe Transportation of Explosives and other Dangerous Substances for the shipment of liquids 
flashing below 20°F., Nat. Petroleum News, vol. 2, February, 1911, pp. 10-11. 
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is not being liquefied in such plants, but a partial solution of the ethane 
in those paraffins that are liquefied undoubtedly takes place. 

Propane and butane are on the dividing line between gases and 
liquids and must be handled as such—that is, as heavy gases or as 
very volatile liquids—and if held must be imprisoned in strong con- 
tainers only. Pentane, hexane, and heptane areliquids under ordinary 
conditions and comprise ordinary gasoline. 


PRESENT WASTE. 


The vapors accompanying natural gas are clean and are ready for 
compression. They are analogous to the manufactured products, 
but have the great advantage over the latter of being ready made. 
However, they are at present in a great measure lost to the indus- 
tries. The vapors should be compressed, as previously stated, but 
instead of being run into an open tank, or into a closed tank and 
weathered from it, with a corresponding loss, they should be run into 
steel containers and held there under compression. Such containers, 
capable of withstanding 3,000 pounds pressure, may be procured from 
several commercial firms. They may be.transported to wherever 
gas of high heating or illuminating power is required. Liquefied 
gases of all kinds, such as carbon dioxide, hydrogen, oxygen, and 
acetylene, have been handled successfully in such containers for a 
number of years. 


PROPOSED UTILIZATION OF PRODUCTS. 


Some of the products of natural gas which are now going to waste 
could be compressed into containers and could be handled as gases. 
The process has been developed for other gas industries, but its 
promise as a profitable commercial enterprise in connection with the 
development of the new product has only recently been recognized. 

The multiple-stage compressor may be used for obtaining a num- 
ber of products, or the single-stage compressor may be used for 
obtaining one product; then, by allowing this “wild” product to 
escape from a common container into a second, a third, and a fourth 
container, under partial pressures, it may be separated or frac- 
tionated into a second, a third, and a fourth product. This com- 
pression and later separation or fractionation of a common “‘wild”’ 
product into several products is, however, a waste of power, as 
ordinarily the gas should be compressed through several stages directly 
into its several products. 


EXPERIMENTS IN LIQUEFYING CRUDE NATURAL GAS. 


Experiments in the production of liquid gas were made at an 
experimental test plant installed by the authors at the compressing 
plant of the Penn Gasoline Co., Follansbee, W. Va. The test plant 

14873°—12——2 
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consisted of a small gas engine, a small compressor, cooling coils of 
ordinary 1-inch iron pipe immersed in a shallow tank for holding the . 
cooling liquid, and a storage tank made of heavy 6-inch steel tubing. 
Pressures up to 600 pounds were obtained, and with the use of ice 
and liquefied gas prepared in the adjoining compressing plant, the 
product was cooled to 2° C. as it entered the storage tank. The 
crude gas as it came from the wells was subjected to different pressures 
and temperatures, and the amount of liquid produced was measured. 
From lack of an experimental] meter of sufficient capacity, no measure- 
ments were made to ascertain the quantity of crude gas liquefied. 
As all the gas was liquefied, excepting a small leakage, it was assumed 
that the subsequent volatilization of the compressed product in the 
laboratory gave this value. Samples of the liquid material were 
collected in stout steel cylinders, weighed, and passed through a small 
experimental meter to determine the gas yield per gram of liquid. 
$ 
YIELD OF LIQUID PRODUCTS. 


The following table gives the results of these experiments, in which 
practically complete liquefaction was obtained: 


Results of compression and cooling tests of natural gas. 


Pressure | Temperature , 
exerted in of cooling Verne 
liquefaction coil at F eomof 
(pounds per | entrance to bac orld 
square inch). | storage tank. aes 

°C. c.c. 
415 2.0 600. 9 
430 4.0 asiees 
506 ke ON | wtess 
600 77.5 478.1 


A pressure of 415 pounds at 2° C., of 430 pounds at 4°C., of 506 
pounds at 9.1° C., or of 600 pounds at 77.5° C., liquefies practically 
the total volume of the gas being compressed. Assuming the liquid 
to be a mixture in which the propane and ethane predominate, as 
indicated below, 1 gram of liquid will yield 500 to 600 cubic centi- 
meters of gas at 0° C. and 760 millimeters pressure; that is, 1 gallon 
of liquid will yield approximately 50 cubic feet of gas. 


PROPERTIES OF CRUDE NATURAL GAS AND OF THE VOLATILIZED LIQUID 
PRODUCTS. 


The following table shows the composition of crude natural gas and 
of the volatilized liquid products of compression. 


Google 


EXPERIMENTS IN LIQUEFYING CRUDE NATURAL GAS. 11 


. Properties of crude natural gas and of the volatilized liquid products of compression. 
[G. A. Burrell, analyst. 1 


sg Heating Composition. 
lue per 
Specific | Vu 
q Kind of gas. gravity ore or 
2 (air=1). 60 n th: Eth Pro- | Bu- | Nitro- 
E Lia al Methane. ane- | pane. | tane.| gen. 
B.t.w. | Per cent.| Per cent.| P.ct. | P.ct.| P.ct. 
1 | Natural gas (Pa. and W. Va.). 0. 64 1, 189 83.0 ed Re Pree 0.6 
2) Natural ‘i eee Ww. Va.).. 1.39 2) 488 [. os eck 21:8] 77.7 |...-.. 0.5 
3| Residual gas after 50-pound 
compression product has been 
MNOVOD 5 55 5 o:05305 5 052 0557 hos 98 1.35 2,364 |........0- 34.9] 64.6 ].....- 0.5 
-4| Residual gas aftér 250-pound 
compression product has been 
POMIOVEE Sei sede cseeleese sks 1.15 2,008 0.6 
5 1.01 1,808 1.2 
6 |(Gas from ag COR gas (400 pounds |}......... 2,066 |. 0.5 
(4 pressure, 0° C.). 1.28 2,214 |. 1.0 
a lh, ek St nn | (Fas Fo | 2,621 0.9 
9 1.02 1,816 0.4 
7 swhesectes 1,925 0.8 
se estania aia 2,108 0.5 
12 GOs... 202-22 ceee eee eeeee eee eff 2' 161 0.8 
13 L's acme ces 2,708 0.9 
Me see AR RE UE 8,221 1.0 
a By effusion method. 


Analysis No. 1 is of the natural gas of Pennsylvania and West 
Virginia, which is used at Pittsburgh for heating and lighting pur- 
poses. This gas is not adapted to the production of gasoline, but 
the analysis is inserted here for comparison with the Follansbee gas, 
which was used in the production of erie at the plant before 
mentioned. 

Analysis No. 2 shows the composition of the see natural gas 
from the wells at Follansbee before pens subjected to compression 
at the commercial plant there. 

Analysis No. 3 shows the composition of the gas left after the 
initial compression of 50 pounds to the square inch. 

Analysis No. 4 shows the composition of the gas left after the final 
compression of 250 pounds to the square inch. This residual gas is 
turned into the mains for consumption in the ordinary manner. Its 
high quality is evident, it having almost twice the heating value of 
the natural gas used in Pittsburgh. 

The four analyses next following, Nos. 5, 6, 7, and 8, show the com- 
position of the liquid gas as obtained from the experimental plant 
erected by the authors at Follansbee. A cylinder of the liquid gas 
was taken to the bureau laboratories and cqnnected with a small 
experimental gas meter. The yield of gas was measured and four 
samples taken at regular intervals. This test was not finished owing 
to an accident to the meter. 

The next six analyses, Nos. 9, 10, 11, 12, 13, and 14, cover the analy- 
sis of the gas, from the first portion released to the last that came from 
the cylinder. The gas was taken from the top of the cylinder, and 
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the first or more volatile portion approximated ethane in composition. 
The gases next volatilized contained less ethane and more propane, 
and, finally, in the last portion butane predominated. 

These analyses are approximate, and do not give a definite division 
of the paraffins. No method is known of separating individual 
paraffins in a mixture of several, unless means be employed whereby 
the total gas is liquefied and the different paraffins separated by 
fractional distillation. In gas analysis no absorbent is known that 
will quantitatively separate one of the paraffins from a mixture of sev- 
eral and not act upon the others; consequently paraffins are determined 
as a whole by combustion, and their percentage found by a calcula- 
tion made from the contraction in volume and the carbon dioxide 
produced by the burning. By this method the two predominating 
paraffins are shown, but asmall quantity of the others which may exist 
is not made apparent. For instance, the crude gas that the authors 
compressed, analysis No. 2, is shown to consist of ethane and propane 
only. That methane and butane are also contained therein is evi- 
denced by analysis No. 5, in the series of four, and analyses Nos. 9 
and 10, in the series of six. Undoubtedly pentane and hexane were 
also present. Methane was found in the first portions of gas from 
each cylinder, but was not present as a liquid in the cylinders, because 
pressures sufficient to liquefy it were not obtained in the experiments. 
It was simply dissolved to a certain extent in the other paraffins. 

The total paraffin hydrocarbons, as shown by the analyses, are 
correct, but as stated before only the predominating ones are dis- 
closed by combustion analysis. The methods and apparatus used 
in the analysis of natural gas will be fully described in a forthcoming 
bulletin of the Bureau of Mines, entitled ‘‘ Methods and Apparatus for 
the Examination of Mine Gases and Natural Gas.”’ The apparatus 
is believed to be superior to the types ordinarily used for the analysis 
of natural gas. 

With the exception given in the first analysis, the heating values 
were calculated from the chemical analyses, and are gross heating 
values. 

The heating value of sample No. 1, as determined in a Junker 
calorimeter, checked the calculated heating value within 10 B. t. u. 
A burner could not be found, however, that would develop the maxi- 
mum heating value as calculated from the analysis,® and all of the 
determined heating values of the remaining samples in the above 
table were about 300 B. t. u. lower than the calculated values. 


a Tests of more detailed fractionation are now being made at the Bureau of Mines laboratories. 
oW.J. A. Butterfield, The chemistry of gas manufacture, 1907, Vol, 1, p. 233. 


CHARACTERISTICS OF LIQUEFIED NATURAL GAS. 13. 
PROPERTIES OF THE PARAFFINS ORDINARILY PRESENT IN NATURAL GAS. 


For comparison with the analyses described above, the properties 
of the paraffins ordinarily present in natural gas are given below: 


Properties of the paraffins ordinarily present in natural gas. 


Specific gravity. Heating 


Bo Weight of | Value per 
Name. Formula)  point.a At different | At 760mm., ter. penton ee 
temperatures’ | and 0° Ce same 
(water=1). (air=1), 2 
"Cc, Grams, B.t.u. 
0. 415 at—160° C. . 1,065 
1,861 
2,654 
3,447 
. 4,250 
5,012 
facing g 
volume o! 
Name. Illuminating Liquefaction point Other ees (at 0 F air necessary 
° value, q point, and 30" to burn 
inches 1 cubie 
pressure) | foot of gas.f 
from 1 
galion.f 
British candle-| 
power, °C. Pounds. Cubic feet. 
Methane.......... 95.0 95.5 at 735 ae te ee 9.57 
—81.8 at $807 | —131° C. at 98.4 ]........../..........2208 
lbs. 
S12” Ci. ab: 2,700. |essasccsas|oscscpcecne ese, 
Ibs.* 
Ethane........... 135.0 +35 at m664| Ordinary temp., |..........)...........62+ 
690 Ibs. 
+34 at 0 738 | —4° C. at 676 Ibs.7. 53 16.75 
45 23.92 
37 31.10 
a 38. 


- Soeman, A. F., Organic chemistry, edited by A. J. Walker, 1910, p. 41. 

em. 

¢ Hempel, Walther, Methods of gas analysis. English translation, by L. M. Dennis, 1910, p. 482. 

4 Landolt’and Bornstein, Physikalisch-chemische Tabellen, 3rd edition, pp. 416, 425 (by J. Thomsen). 

é Other authorities give —17° C. 

f Hunt, Charles, Gas lighting, vol. 3 of Chemigal Technology, by C. E. Groves and Wm. Thorpe, 1904, 


202, 

9 Wright, L. T., Jour. Chem. Soc., vol. 47, 1885, p. 200. 

h Landolt ae érnstein, Physikalisch-ehemische Tabellen, 1905, p. 185 (by Dewar). 

i Bernstein, F Handbuch der organishen Chemie, 3d edition, vol. 1, p.1 

{ Landolt and ‘Bornstein, Physikalisch-chemische Tabellen, 1905, p. 185 (by Page ee 
Phillips. F. C., W. Va. Geol. Survey, Oil and gas bigs: vol. 14, 1904, p. 5 

1 Frankland, P., Jour. Chem. Soc., vol. 47, 1885, p 

m Landolt and Bérnstein, Physikalisch-chemische * Tabellen, 1905, p. 182 (by Dewar). 

n Idem, p. 182 (by Olszewski). 

oTdem; p. 185 (by Olsezewski). 


CHARACTERISTICS OF LIQUEFIED NATURAL GAS. 


The liquefied-gas product obtained from the third and fourth stage 
compressor product previously mentioned (but not the heavier first- 
stage compressor product, that which ordinarily remains after 
weathering) begins to boil at about —40° C., and at its boiling point 
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has a specific gravity of approximately 0.63. Its coefficient of 
expansion is estimated to be 0.0009 per 1° C. Its specific gravity 
at 15° C. would, therefore, be approximately 0.57 to 0.58. 

When this liquid is confined the pressures generated by increasing 
the temperature are approximately as follows: 


Pressures generated by heating gasoline and confined liquefied natural gas. 
Pressures generated by— 


Natural gasoline obtained at— 


Refinery 
asoline 
80° B.). 50 pounds | 250 pounds | 400 pounds 
pressure. pressure. pressure. 
set vai Pounds Fegnes Pounds. 
0 9 117 375 
0 12 130 398 
0 16 144 423 
3 20 154 453 
5 25 175 482 
10 H 30 193 510 
16 34 210 545 
26 40 231 585 
41 46 251 
92 52 275 690 
350 584 adeledadavlea aca 755 
Dettieenaeseys 65 shedascceneede|paterweete sacs! 


From the above data the internal pressure generated by this 
volatile liquid, or the so-called ‘‘wild” product, is seen to reach 755 
pounds per square inch at 55°C. This pressure is probably the maxi- 
mum obtainable with the very light, or ‘‘wild,”’ liquefied natural- 
gas product having a specific gravity of 0.60 at 15°C., or 100° B. at 
60° F. The fact that several gases, under pressures in excess of 150 
atmospheres, or 2,250 pounds per square inch, are successfully handled 
in commerce daily and have been so handled for a number of years, 
and the fact that this ‘“‘wild” gas generates an internal pressure of 
only 755 pounds at 55° C., or 133° F., which would be an excessively 
high summer temperature, show that the ordinary handling of this 
liquefied gas in summer as well as in winter is simple and practicable, 
and can be done with appliances already developed and on the 
market. The margin of safety is ample. 

There is no difficulty nor secrecy in the production and use of the 
liquefied natural-gas product. The third or fourth stage compressor 
product must, however, be treated as liquefied gas, and no attempt 
should be made to handle it as an oil. 

It is important to note that many natural gases will not yield 
liquefied products by compression under ordinary commercial con- 
ditions, and the prospective investor is therefore cautioned to ascer- 
tain the nature of the vapor content. of the gas under consideration 
before investing in an expensive compressor plant. 
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EFFICIENCY OF LIQUEFIED PRODUCT FOR DEFINITE USES. 


‘ 


ILLUMINATION. 


When lighted in burners the liquefied product gives a flame much like 
that of the ordinary natural gas of commerce, but slightly yellower or 
smokier, and does not burn so readily in burners with lava tips. Its 
flame in a Bunsen burner is short but very hot, and it burns better 
in the short inverted Welsbach mantle than in the longer upright 
mantle. The highest economy in its use for illuminating purposes 
will be attained with inverted burners provided with mantels, burners 
of this type being especially adapted for gases of high heating value. 


HEATING. 


The Méker burner, or a similar burner with a small gas orifice and 
a large air supply, is well adapted for complete combustion of the gas, 
as is also the Matchlet blast burner. With oxygen in the oxy-gas 
burner the liquefied product makes a hot, steady flame, and can be 
used for a number of purposes, such as brazing, and for operations in 
which intense local heating is desired. 

Because of its high carbon content, the perfect combustion of the 
gas requires considerably more oxygen than the ordinary gas burners 
are capable of admitting. A cubic foot of ordinary natural gas 
requires 10 or 11 cubic feet of air for its complete combustion, but 
propane and butane, the two richest constituents in the liquid gas, 
require respectively about 25 and 32 cubic feet of air. 

This product of natural gas is equal in quality to any of the similar 
manufactured gases; it is very clean and pure and can be handled in 
the same way as they are. The containers can be easily transported, 
and the turning of their valves makes a supply of gas available. The 
liquid gas should be used from the bottom of a container, in order 
that the burners may be supplied with a homogeneous mixture; 
the gas should not be taken from the top, because with such an 
arrangement constant adjustment of the air supply is necessary. 


POWER. 


In order to determine the feasibility of using for power purposes 
the gas under discussion, a short test was made with a gas engine. 
A 10-horsepower two-cycle gas engine provided with a prony brake 
for absorbing the load, and equipped with the usual electric ignition, 
was used. The high-pressure cylinder containing the liquid gas was 
connected through a reducing valve to a small cylindrical receiver, 
capacity about 3 cubic feet, in which a pressure of about 3 inches of 
mercury was maintained; from this receiver a pipe connection led 
directly to the engine. No attempt was made to determine accurately 
the fuel consumption per horsepower-hour, nor to find the compression 
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best adapted for the fuel, the test being made simply to determine the 
behavior of the gas in a, commercial type of engine. 

The test was of 30 minutes’ duration; full load was easily main- 
tained, and there was no difficulty whatever in keeping the engine 
up to speed. Throughout the test the engine ran easily, giving no 
indication of overload; there were no back fires nor preignitions. 
The indications were that the gas would make a satisfactory gas- 
engine fuel. The brake horsepower (10.69) during the run was 
calculated from the following data: 


Average revolutions per minute...............20. 2222 eee ee eee ee eee 277.7 
Length of brake arm.........0... 200000. e cece nese eee ccecceee feet.. 5.25 
Weight of brake atm: 2222. 05265025 82 oscks peceetvien sine as pounds.. 36.5 
Total weight on scales......- oe sea dey ae tes ealtumgamaneeeeo ee do.... 75 
Effective weight on scales..........2-..-02- 20-2 - eee ee eee eee do.... 38.5 


A cylinder of the liquefied gas was also used for driving a 30-horse- 
power automobile. A most satisfactory run was made for a number 
of miles, although no attempt was made to determine the efficiency 
developed, the only result desired being to demonstrate that the 
compressed product could be used for automobile propulsion. It 
was noted that the gas escaping from the container through the 
regulating vaive supplying the engine became chilled and that con- 
siderable frost collected over the surface of the valve. This effect 
would, in general practice, soon freeze the liquid in the valve and 
clog the pipe entirely. By installing this valve near the engine 
exhaust the freezing may be prevented. 


HANDLING OF NATURAL-GAS PRODUCTS OTHER THAN LIQUEFIED 
GAS. 


HIGH-GRADE GASOLINE. 


‘The third previously mentioned product of crude natural gas, light 
high-grade gasoline, is a material that, by cooperation with the 
refiners of petroleum, can be utilized for blending with the heavy 
naphthas, thereby improving the latter and making them more suit- 
able for the propulsion of high-speed automobiles. This use will 
materially improve the market for the heavy naphthas, and also widen 
the field of usefulness for the new compression product. The pro- 
portions in which the blending should be made to insure some degree 
of permanency have not yet been established.* 


ORDINARY GASOLINE, 


The fourth product from compressing crude natural gas, ordinary 
gasoline, may be handled in the usual way, and need not be discussed 
in this paper. 


oThe Bureau for the Safe Transportation of Explosives and other Dangerous Articles is now engaged 
on these tests, 
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